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background to bond-valence calculations, see: Brown & 
Altermatt (1985). For the structure and chemistry of reduced 
heteropolyanions, see: Khan et al. (1993); Lu, Cui, Chen et al. 
(2009), Lu, Xu, Cui et al. (2010); Miiller et al (1994). 
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0.133; data-to- para meter ratio = 10.7. 



The title compound, [Co(C 2 H 8 N 2 )3] 2 [SiMo g V 4 O4 0 (VO) 2 ]-- 
6H 2 0, was prepared under hydrothermal conditions. The 
asymmetric unit consists of a transition metal complex 
[Co(en) 3 ] 3+ cation (en is ethylenediamine), one half of an 
[SiMo 8 V 4 O 40 (VO) 2 ] 6 ~ heteropolyanion, two solvent water 
molecules in general positions and two half-molecules of water 
located on a mirror plane. In the complex cation, the Co 3+ ion 
is in a distorted octahedral coordination environment formed 
by six N atoms of the three chelating en ligands. One of the en 
ligands exhibits disorder of its aliphatic chain over two sets of 
sites of equal occupancy. The [SiMo g V 4 O 40 (VO) 2 ] 6 ~ hetero- 
polyanion is a four-electron reduced bivanadyl-capped a- 
Keggin-type molybdenum-vanadium-oxide cluster. In the 
crystal, it is located on a mirror plane, which results in disorder 
of the central tetrahedral Si0 4 group: the O atoms of this 
group occupy two sets of sites related by a mirror plane. 
Furthermore, all of the eight /n 2 -oxide groups are also 
disordered over two sets of sites with equal occupancy. There 
are extensive intermolecular N— H ■ O hydrogen bonds 
between the complex cations and inorganic polyoxidoanions, 
leading to a three-dimensional supramolecular network. 

Related literature 

For general background to polyoxidometalates, see: Pope & 
Miiller (1991); Hill (1998); Kurth et al. (2001). For bicapped 
Keggin-type anions, see: Chen & Hill (1996); Lu, Cui, Liu et al. 
(2009); Lu, Cui et al. (2010); Lu, Xu & Yu (2010); Luan et al. 
(2002); Miiller et al. (1994); Xu et al. (1998). For general 
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Experimental 

Crystal data 

[Co(<^H 8 N 2 ) 3 ] 2 [SiMo s V 4 0 4 <r 

(VO) 2 ]-6H 2 0 
M r = 2359.83 
Orthorhombic, Pnma 
a = 20.144 (4) A 
b = 21.498 (4) A 
c = 13.623 (3) A 

Data collection 

Rigaku R-AXIS RAPID 
dif fractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi. 1995) 
T mi „ = 0.508, T m „ = 0.552 



Refinement 

R[F 2 > 2a(F 2 )} = 0.054 

wR(F 2 ) = 0.133 

S = 1.05 

5404 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



//H 

o 



V = 6075 (2) A 
Z = 4 

Mo Ka radiation 
fi = 3.13 mm -1 
T = 293 K 

0.22 x 0.21 x 0.19 mm 



45336 measured reflections 
5404 independent reflections 
3951 reflections with / > 2o(I) 
R,„. = 0.080 



505 parameters 

H-atom parameters constrained 
A/tw = 2.04 e A -3 
A,o m i„ = -1.07 e A -3 
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Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine- 
ment: PROCESS-AUTO; data reduction: PROCESS-AUTO; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: DIAMOND (Brandenburg, 1999); software used 
to prepare material for publication: SHELXL97. 

This work was supported by the Natural Science Founda- 
tion of Shandong Province (ZR2011BQ004) and the Funda- 
mental Research Funds for the Central Universities 
(09CX04045A). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: GK2413). 
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Bis [tris(ethylenediamine- octakis-/'-3-oxido-hexadeca-/ f 2-oxido-tetradecaoxido- 
/ i 12"t e t raoxos ili ca t 0 " oc t am °lybdenum(VI)hexavanadium(IV,V) hexahydrate 

Y.-K. Lu, M.-M. Tian, S.-G. Xu, R.-Q. Lii and Y.-Q. Liu 
Comment 

The design and synthesis of polyoxometalates (POMs) has attracted continuous research interest not only because of their 
appealing structural and topological novelties, but also due to their interesting optical, electronic, magnetic, and catalytic 
properties, as well as their potential medical applications (Pope & Miiller, 1991; Hill, 1998). Most of the structures in these 
compounds contain fragments of several well known polyoxoanions, such as Keggin, Lindquist and Dawson anion, or their 
derivatives, which are the basis for numerous POMs. The Keggin-type structure was of epoch-making signifcance in the 

2+ 

history of POM chemistry (Kurth, 2001). In our research group, transition metal complexes (TMCs), such as [Ni(phen)3] , 

[Ni(en) 3 ] 2+ , [Ni(en) 2 (H 2 0) 2 ] 2+ , [Ni(en) 2 ] 2+ and [Cu(en) 2 (H 2 0)] 2+ , are used to effectively modify POMs under hydro- 
thermal conditions (Lu, Cui, Liu et al. 2009; Lu, Cui, Chen et ah. 2009). Here, we describe the synthesis and structural 
characterization of the title compound. 

As shown in Fig. 1, single crystal X-ray diffraction analysis reveals that the title compound consists of a bi-capped 
a-Keggin polyoxoanion [SiMo 8 V 4 0 4 o(VO) 2 ] 6 ~, two TMCs countercations [Co(en)3] 3+ and six lattice water molecules. The 
Co 111 ion is in a distorted octahedral coordination geometry, bonded by six N atoms from the three chelating en ligands. 
The Co— N bond lengths are in the range of 1.948 (8)-1.975 (8) A. The heteropolyanion [SiMo 8 V 4 O 40 (VO) 2 ] 6 ~ can be 
described as a pseudo-Keggin core [SiMo 8 V 4 0 4 o] 10 ~ with two additional five-coordinate terminal {VO} 2+ units capping 

two opposite {M04O4} square holes. This a-Keggin core [SiMo 8 V 4 0 4 o] 10 ~, similar to those of [XMo 8 V 4 O 40 ] n ~ (X= Si, As 
and P) (Luan et al. , 2002; Miiller et al. , 1 994; Xu et al. , 1 998), consists of four internally edge-shared octahedral {Mo 2 VO 1 3 } 
connected with each other by corner-sharing oxygen atoms and enwrapping the central disordered Si0 4 tetrahedron; to 
look at it another way, it also a sandwich structure consisting of two {Mo 4 } rings and one {V 4 } belt distributed alternately. 
Furthermore, all of the eight doubly bridging oxide groups (013-016, 019-022) are also disordered with the occupancy 
factor of 0.5 for each O atom. 

The Si0 4 tetrahedron has Si — O distances of 1.623 (10)-1.674 (11) A and bond angles in the range of 
108.1 (5)— 1 10.9 (6)°. VI, V2 and all Mo atoms have a distorted {M06} octahedral environment, and the capped V atoms 
(V3 and V4) show a distorted {VO5} square pyramidal geometry, respectively. According to the kind of oxygen atoms 
bonded to the Mo/V atoms, the Mo/V-O bond lengths are divided in three groups: Mo— O c 2.365 (1 1)-2.429 (1 1) A, V— O c 
2.328 (ll)-2.454 (10) A (O c , central O atoms); Mo— O b 1.643 (15)-2.067 (6) A, V— O b 1.794 (16)-2.156 (17) A (O b , 
bridged O atoms); Mo— O t 1.656 (10)-1.698 (8), V— O t 1.573 (7)-1.649 (8) A (O t , terminal O atoms). All of the Si— O, 
Mo — O and V — O bond lengths are within the normal ranges. 
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The bond valence sums (BVS) for the Mo and V centers were calculated by using parameters given by Brown (Brown 
& Altermatt, 1985). The values are 6.15, 6.21, 6.32, 6.30, 6.12 and 6.29 for Mol, Mo2, Mo3, Mo4, Mo5 and Mo6, and the 
calculated valence sums for VI, V2, V3 and V4 are 4.47, 4.42, 4.16 and 3.96, respectively. The calculated results indicate 
that the oxidation state of all Mo centers are +6, VI and V2 centers have a mixed valence state (+4 and +5), and the capped 
V atoms are +4, respectively; similar to the reported representative (Xu et ah, 1998). We consider that oxalic acid acts as 

reducing agent reducing V V to V IV in the synthesis. 

The molecules are linked into a three-dimensional network by a combination of intermolecular N — H - O and C — H--0 
hydrogen bonds (Fig. 2). 

Experimental 

A mixture of Na 2 Si0 3 .9H 2 0 (0.28 g, 1 mmol), Mo0 3 .2H 2 0 (0.54 g, 3.0 mmol), V 2 0 5 (0.54 g, 3.0 mmol), Co(N0 3 ) 2 .6H 2 0 
(0.44 g, 1.5 mmol), C 2 H 2 04.2H 2 0 (0.25 g, 2.0 mmol) and 18 ml water was stirred for 2 h in air; it was adjusted to pH = 6 
with en and was heated in a 30 ml stainless steel reactor with a Teflon-liner at 180°C for 6 days, and then cooled to room 
temperature. Black prism crystals were isolated with 55% yield (based on Mo). Elemental analysis: calcd: C, 6.11; H, 2.56; 
N, 7.12; found: C, 6.09; H, 2.51; N, 7.18. 

Refinement 

H atoms bonded to C and N atoms were positioned geometrically and refined as riding atoms, with C-H = 0.97 A, N-H 
= 0.90 A and J7i S0 (H) = 1.2Ueq(C, N). The hydrogen atoms of four crystallographic water molecules could not be located 
unambiguously from difference Fourier maps, probably due to disorder of the water molecules. Thus the structure was refined 
without the H atoms of the water molecules (which include the water O atoms OIW, 02W, 03 W and 04W). In the SiC>4 
unit, the four oxygen atoms (023 — 026) are equally disordered about the mirror plane. All of eight (0.2-oxide groups are 
also disordered with an occupancy factor of 0.5 for each O atom. In complex cation, the C3 and C3' atoms were disordered 
with a 0.5 occupancy and refined isotropically. In the final difference Fourier map, the highest residual electron density was 
found at 1.74 A away from OIW atom and the deepest hole at 0.92 A from Mo4. 

Figures 



Fig. 1. A view of the molecule of title compound with displacement ellipsoids drawn at the 
50% probability level. H atoms have been omitted. [Symmetry codes: (i) x, 1.5 -y, z] 



— 
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Fig. 2. Ball-and-stick representation of the three-dimensional supramolecular network struc- 
ture of the title compound. Dashed lines represent hydrogen bonds. 



Bis[tris(ethylenediamine-K /V,/V')cobalt(l II)] octakis-|j-3-oxido-hexadeca-|j2-oxido-tetradecaoxido-|Ji2- tetraoxo- 
silicato-octamolybdenum(VI)hexavanadium(IV,V) hexahydrate 



Crystal data 

[Co(C 2 H 8 N2)3]2[Mo 8 V 6 042Si] -6H 2 0 

M,. = 2359.83 

Orthorhombic, Prima 

Hall symbol: -P 2ac 2n 

a = 20.744 (4) A 

6 = 21.498 (4) A 

c= 13.623 (3) A 

K=6075 (2) A 3 

Z=4 



^(000) = 4568 

D x = 2.580 Mg nT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 4213 reflections 

6 = 2.2-24.6° 

|i = 3.13 mm 1 

7=293 K 

Prism, black 

0.22x0.21 x 0.19 mm 



Data collection 



Rigaku R-AXIS RAPID 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 10 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
7 min = 0.508, J max = 0.552 
45336 measured reflections 



5404 independent reflections 

395 1 reflections with / > 2a(7) 
R int = 0.080 

Qmax = 25.0°. 

h = -24^24 
k = -25^25 
/ = -16->16 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )} = 0.054 



wR(F 2 ) = 0.133 
S= 1.05 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 0 2 ) + (0.0462P) 2 + 70.2923P] 
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5404 reflections 
505 parameters 
0 restraints 



where P = {F 2 + 2F 2 )B 
(A/o) max = 0.001 

Ap m ax = 2.04 e A~ 3 
Ap mi „ = -1.07eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 
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7^ 1 

15. 1 


019— Mo4— 025 


113.5 (5) 


018— Mo4— 025 


61.1 (3) 


017— Mo4— 025 


91.2 (3) 


026— Mo4— 025 


48.0 (4) 


05 — Mo5 — 021' 


114.2 (6) 


05— Mo5— 021'' 


114.2 (6) 


021'— Mo5— 021'' 


84.6(11) 


05— Mo5— 021' 


93.6 (5) 


021'— Mo5— 021' 


96.8 (6) 


021''— Mo5— 021' 


20.9 (5) 


05— Mo5— 021 


93.6 (5) 


021''— Mo5— 021 


96.8 (6) 


021'— Mo5— 021 


102.9 (10) 


05— Mo5— 017 


95.9 (4) 


021'— Mo5— 017 


91.5 (6) 


021''— Mo5— 017 


148.6 (6) 


021'— Mo5— 017 


163.5 (5) 


021— Mo5— 017 


90.0 (5) 


05— Mo5— 017' 


95.9 (4) 


021'— Mo5— 017' 


148.6 (6) 


021''— Mo5— 017' 


91.5 (6) 


021'— Mo5— 017' 


90.0 (5) 


021— Mo5— 017' 


163.5 (5) 



A X r^A A1(l "* 7"1 

Mo4 — <J i y — V 1 


11 f.J (o) 


Mo4 — <J i y — V 1 


1 A O A /*7\ 

14o.U (/) 


Mo4 — <JZU — V Z 


IZZ.o (/) 


Mo4 — UZU — VZ 


1 AC 1 /A\ 

i4o.i (y) 


A As^Z / \"> 1 "\ 7"1 

Mod — <JZ 1 — V 1 


1 1A A (H\ 
1ZU.U (/) 


Mo j — UZ1 — V 1 


1^1 1 (\ C\\ 

ljl.3 (1UJ 


Moo — UZZ — VZ 


1 1A 1 ZO\ 

1ZU.3 (o) 


Moo — UZZ — VZ 


1 CI A /1 A\ 

1DZ.U (1U) 


C;i All "\7"1 

bll — UZ3 — V 1 


1 11 A f£\ 

VILA (o) 


C ; 1 ATI A /f ^. 1 

bll — <JZ3 — Mol 


111 C (C\ 

1Z1.0 (0) 


"\7"1 ATI AA^1 

V 1 — UZj — Mol 


Q1 1 /1\ 

92.3 (3) 


c;i mi m„i 
bll — OZ3 — MoZ 


1 1A O i Z\ 
1ZU.O (j) 


V 1 — L)Z3 — MoZ 


A 1 A (A \ 
yi.4 (4) 


A /f ^. 1 A11 A/T^.1 

Mol — OZ3 — MoZ 


1 A 1 1 //I \ 
101. 1 (4) 


c ; 1 AT /I A ^^1 

bll — UZ4 — Mol 


1 11 A f£\ 

VILA (o) 


bll — OZ4 — Mo3 


1 1A 

IZU.o (p) 


A /f ^. 1 AT/1 A/T^T 

Mol — <JZ4 — Mo 3 


1 A1 1 /"/I \ 

1UZ.3 (4) 


c;i mj \r^> 
bll — UZ4 — VZ 


1 1A 

IZU.o (o) 


A/r„i mj \i^> 
Mo 1 — UZ4 — V Z 


92.3 (3) 


Mo 3 — (JZ4 — VZ 


n i a {a \ 
91.4 (4) 


C;i AT? A/T^./^ 

bll — UZj — Moo 


1Z4.Z (6 j 


c ; 1 AT C A Jfr^A 

bll — UZj — Mo4 


119.4 (6) 


1VI0 0 Uz 3 IViO 4 


1 n 1 7 
1U1 . / y^i) 


Sil — 025 — V2 


121.3 (6) 


Mo6— 025— V2 


92.2 (4) 


Mo4— 025— V2 


90.4 (4) 


Sil— 026— VI 


123.7 (6) 


Sil— 026— Mo4 


119.4 (6) 


VI— 026— Mo4 


93.6 (4) 


Sil— 026— Mo5 


119.5 (6) 


VI— 026— Mo5 


93.4 (4) 


Mo4— 026— Mo5 


101.3 (4) 


CI— Nl— Col 


110.8 (6) 


CI— Nl— H1C 


109.5 


Col— Nl— H1C 


109.5 


CI— Nl— HID 


109.5 


Col— Nl— HID 


109.5 


H1C— Nl— HID 


108.1 


C2— N2— Col 


110.3 (5) 


C2— N2— H2C 


109.6 


Col— N2— H2C 


109.6 


C2— N2— H2D 


109.6 


Col— N2— H2D 


109.6 


H2C— N2— H2D 


108.1 


C3— N3— Col 


114.3 (10) 


C3'— N3— Col 


109.4 (12) 
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017— Mo5— 017 1 


75.7 (4) 


05— Mo5— 026 


154.3 (3) 


021'— Mo5— 026 


56.1 (6) 


021''— Mo5— 026 


89.6 (6) 


021'— Mo5— 026 


110.5 (5) 


021— Mo5— 026 


73.2 (5) 


017— Mo5— 026 


63.0 (3) 


017'— Mo5— 026 


92.8 (3) 


05— Mo5— 026' 


154.3 (3) 


021'— Mo5— 026' 


89.6 (6) 


021''— Mo5— 026' 


56.1 (6) 


021'— Mo5— 026' 


73.2 (5) 


021— Mo5— 026' 


110.5 (5) 


017— Mo5— 026' 


92.8 (3) 


017'— Mo5— 026' 


63.0 (3) 


026— Mo5— 026' 


48.3 (5) 


06— Mo6— 022' 


113.0 (6) 


06— Mo6— 022'' 


113.0 (6) 


022'— Mo6— 022'' 


87.5 (11) 


06— Mo6— 022 


91.5(5) 


022''— Mo6— 022 


98.6 (6) 


06— Mo6— 022' 


91.5(5) 


022'— Mo6— 022' 


98.6 (6) 


022— Mo6— 022' 


102.4 (13) 


06— Mo6— 018 ; 


96.9 (4) 


022'— Mo6— 018' 


148.3 (6) 


022''— Mo6— 018' 


90.3 (6) 


022— Mo6— 018' 


164.3 (6) 


022'— Mo6— 018' 


90.6 (7) 


06— Mo6— 018 


96.9 (4) 


022'— Mo6— 018 


90.3 (6) 


022''— Mo6— 018 


148.3 (6) 


022— Mo6— 018 


90.6 (7) 


022'— Mo6— 018 


164.3 (6) 


018'— Mo6— 018 


75.4 (3) 


06— Mo6— 025' 


155.7 (3) 


022'— Mo6— 025' 


90.1 (6) 


022''— Mo6— 025' 


58.4 (6) 


022— Mo6— 025' 


111.7 (5) 


022'— Mo6— 025' 


77.2 (6) 


018'— Mo6— 025' 


62.3 (4) 


018— 1^06—025' 


90.0 (3) 



C3— N3— H3C 


108.7 


C3'— N3— H3C 


131.7 


Col— N3— H3C 


108.7 


C3— N3— H3D 


108.7 


C3'— N3— H3D 


86.9 


Col— N3— H3D 


108.7 


H3C— N3— H3D 


107.6 


C4— N4— Col 


109.1 (7) 


C4— N4— H4C 


109.9 


Col— N4— H4C 


109.9 


C4— N4— H4D 


109.9 


Col— N4— H4D 


109.9 


H4C— N4— H4D 


108.3 


C5— N5— Col 


109.2 (6) 


C5— N5— H5C 


109.8 


Col— N5— H5C 


109.8 


C5— N5— H5D 


109.8 


Col— N5— H5D 


109.8 


H5C— N5— H5D 


108.3 


C6— N6— Col 


112.7 (6) 


C6— N6— H6C 


109.1 


Col— N6— H6C 


109.1 


C6 — N6 — H6D 


109.1 


Col— N6— H6D 


109.1 


H6C— N6— H6D 


107.8 


Nl— CI— C2 


105.7 (8) 


Nl— CI— H1A 


110.6 


C2— CI— HI A 


110.6 


Nl— CI— H1B 


110.6 


C2— CI— H1B 


110.6 


H1A— CI— H1B 


108.7 


N2— C2— CI 


108.3 (8) 


N2— C2— H2A 


110.0 


CI— C2— H2A 


110.0 


N2 — C2 — H2B 


110.0 


CI— C2— H2B 


110.0 


H2A — C2 — H2B 


108.4 


N3— C3— C4 


102.5 (14) 


N3— C3— H3A 


111.3 


C4— C3— H3A 


111.3 


N3— C3— H3B 


111.3 


C4— C3— H3B 


111.3 
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06— Mo6— 025 155.7 (3) 
022'— Mo6— 025 58.4 (6) 
022''— Mo6— 025 90.1 (6) 
022— Mo6— 025 77.2 (6) 
022'— Mo6— 025 111.7 (5) 
018 1 — Mo6— 025 90.0 (3) 
018— Mo6— 025 62.3 (4) 
025'— Mo6— 025 44.7 (5) 

07— VI— 013' 105.6(6) 
07— VI— 021' 110.5(5) 
013'— VI— 021' 143.8(7) 
07— VI— 015' 109.0(6) 
013'— VI— 015' 93.0 (7) 
021'— VI— 015' 77.6(7) 
07— VI— 019' 109.0 (5) 
013'— VI— 019' 74.2 (7) 
021'— VI— 019' 91.8(6) 
015'— VI— 019' 141.9(6) 
07— VI— 015 89.9(5) 
013'— VI— 015 89.3 (7) 
021'— VI— 015 92.9(7) 
019'— VI— 015 157.5 (6) 
07— VI— 019 87.6 (5) 
013'— VI— 019 91.6(7) 
021'— VI— 019 87.7(6) 
015'— VI— 019 160.8 (6) 
015— VI— 019 177.5 (6) 
07— VI— 021 92.4(5) 

Col— Nl— CI— C2 40.8 (9) 

Col— N2— C2— CI 33.3 (9) 

Nl— CI— C2— N2 -47.4(10) 

C3'— N3— C3— C4 45 (3) 

Col— N3— C3— C4 -40.2(16) 

C3— N3— C3'— C4 -102 (4) 

Col— N3— C3'— C4 4(3) 

N3— C3'— C4— N4 10 (3) 



Symmetry codes: (i) x, -y+3/2, z. 



H3A— C3— H3B 109.2 

C4— C3'— N3 115(2) 

C4— C3'— H3'l 108.6 

N3— C3'— H3'l 108.6 

C4— C3'— H3'2 108.6 

N3— C3'— H3'2 108.6 

H3'l— C3'— H3'2 107.5 

C3'— C4— N4 118.0(16) 

N4— C4— C3 105.3 (10) 

C3' — C4 — H4A 118.0 

N4 — C4 — H4A 110.7 

C3— C4— H4A 110.7 

C3' — C4 — H4B 87.9 

N4— C4— H4B 110.7 

C3— C4— H4B 110.7 

H4A— C4— H4B 108.8 

N5— C5— C6 107.6 (8) 

N5— C5— H5A 110.2 

C6— C5— H5A 110.2 

N5— C5— H5B 110.2 

C6— C5— H5B 110.2 

H5A— C5— H5B 108.5 

N6— C6— C5 105.8 (8) 

N6— C6— H6A 110.6 

C5— C6— H6A 110.6 

N6 — C6 — H6B 110.6 

C5— C6— H6B 110.6 

H6A— C6— H6B 108.7 

N3— C3'— C4— C3 71 (4) 

Col— N4— C4— C3' -19 (2) 

Col— N4— C4— C3 -39.7 (12) 

N3— C3— C4— C3' -76 (4) 

N3— C3— C4— N4 51.1 (16) 

Col— N5— C5— C6 44.7 (10) 

Col— N6— C6— C5 30.4 (10) 

N5— C5— C6— N6 -47.8(11) 



Hydrogen-bond geometry (A, °) 



D—H-A 


D—H 


H—A 


D-A 


D—H-A 


Nl— H1C-04" 


0.90 


2.08 


2.918 (10) 


154 


Nl— HID ■014 iii 


0.90 


2.48 


2.988 (16) 


117 


N2— H2D-O10 iv 


0.90 


2.24 


3.040 (9) 


148 


N2— H2C-012 V 


0.90 


2.22 


3.034 (11) 


151 


N3— H3D-019'" 


0.90 


1.97 


2.765 (15) 


147 


N4— H4D-03 vi 


0.90 


2.17 


3.042 (9) 


164 
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N4— H4C-015™ 


0.90 


2.09 


2.770 (16) 


131 


N5— H5D-07 m 


0.90 


2.26 


2.923 (10) 


130 


N5— H5C-07™ 


0.90 


2.12 


2.905 (11) 


145 


N5— H5D-013 m 


0.90 


2.07 


2.835 (18) 


142 


N6— H6C-04" 


0.90 


2.31 


3.126 (11) 


150 


N6— H6D -O10 iv 


0.90 


2.57 


3.109 (9) 


120 


N6— Hec-ois" 


0.90 


2.37 


2.972 (11) 


124 


Symmetry codes: (ii) x-1/2, y, 


-z+3/2; (iii) -x+\, -y+l, -z+1; (iv)x- 


-1/2, ->>+3/2, 


-z+3/2; (y)x-V2,y, -z+1/2; (vi) 


x-l. 



-z+1/2; (yii)x-\,y, z. 



sup-15 



supplementary materials 




sup-16 



supplementary materials 




sup-17 



